Gyrokinetic simulations are powerful tools and are routinely used for the analysis of turbulent transport caused by electron-scale instabilities such as electron temperature gradient (ETG) modes, or ion-scale instabilities such as ion temperature gradient (ITG) modes. Although most of the gyrokinetic simulation studies assume a scale separation between electron and ion scale turbulence, their cross-scale interactions can have a significant impact on turbulent transport. Such multi-scale simulations covering both of electron and ion scales were performed in 2007 and 2008, where the reduced ion-to-electron mass ratio was used to suppress the computational complexity [1, 2] . However, recent successive studies on the comparison with multi-scale simulations and experiments showed that reduced mass ratio simulations failed to provide even qualitative behaviour for marginally stable ITG turbulence [3] . They suggested the importance of real-mass multi-scale simulations, while its underlying physical mechanism seems to be still unclear.
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To reveal the physical process of the cross-scale interactions between electron and ion scale turbulence, we have carried out electromagnetic gyrokinetic simulations of multi-scale ETG/ITG turbulence with realistic hydrogen-to-electron mass ratio and β value [4] . The extensive simulations were realized by developing a massively parallel algorithm of the gyrokinetic simulation code GKV [5] . The multi-scale simulations demonstrated that strong suppression of electron-scale transport by ion-scale turbulence as reported previously [1, 2] . In addition, the enhancement of ion-scale transport by electron-scale turbulence was discovered when ITG modes are stabilized by finite-β effect. Around the same time, similar enhancement of ion-scale transport is also reported for the marginally stable ITG turbulence case in Ref. [3] .
The processes of the above two cross-scale interactions (suppression of electron-scale transport and enhancement of ion-scale transport) were investigated by means of gyrokinetic triad entropy transfer, which described the driving or damping of the mode via the nonlinear mode coupling. First, the analysis on electron-scale modes revealed that ITG-driven short-wavelength turbulent eddies, rather than long-wavelength zonal flows, efficiently distorted the electron-scale streamers and suppressed the electron-scale transport. Second, it was found that the electron-scale turbulence had damping effect on relatively high wave number (kρi~1) zonal flows, which were created by kinetic electron response in ITG turbulence. As a result, the reduction of zonal flow shearing rate enhanced the ion-scale transport. These results give a valuable insight of cross-scale interactions in multiscale turbulence. This emphasize the significance of intermediate-scale structures (short-wavelength turbulent eddies or zonal flows) for cross-scale interactions.
